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Background: Socioeconomic (SE) inequalities have been observed in a number of adverse outcomes of pregnancy
and many of the risk factors for such outcomes are associated with a low SE level. However, SE inequalities persist
even after adjustment for these risk factors. Less well-off women are more vulnerable, but may also get less
adequate health services. The objective of the present study was to assess possible associations between SE
conditions in terms of maternal education as well as ethnic background and obstetric care. Methods: A
population-based national cohort study from the Medical Birth Registry of Norway. The study population com-
prised 2 305 780 births from the observation period 1967–2009. Multilevel analysis was used because of the
hierarchical structure of the data. Outcome variables included induction of labour, epidural analgesia, caesarean
section, neonatal intensive care and perinatal death. Results: While medical interventions in the 1970s were
employed less frequently in women of short education and non-western immigrants, this difference was elimi-
nated or even reversed towards the end of the observation period. However, an excess perinatal mortality in both
the short-educated [adjusted relative risk (aRR)¼ 2.49] and the non-western immigrant groups (aRR¼ 1.75)
remained and may indicate increasing health problems in these groups. Conclusion: Even though our study
suggests a fair and favourable development during the last decades in the distribution across SE groups of ob-
stetric health services, the results suggest that the needs for obstetric care have increased in vulnerable groups,
requiring a closer follow-up.
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
Introduction
O
ver a long period of time, numerous studies in developed coun-
tries have reported substantial socioeconomic (SE) inequalities
in morbidity and mortality, irrespective of how SE inequalities have
been measured.1–3 In the interpretation of the results, emphasis has
been put on inequalities in the exposure to the putative risk factors.
The conclusion has been drawn that SE factors, such as educational
level, may represent a proxy variable for material, psychosocial and
behavioural risk factors.4–6
However, registered morbidity and mortality are not only de-
pendent on risk factors, but also on the health services provided.7,8
From an ethical point of view, substantial SE differences in the oc-
currence of diseases are unacceptable, but SE differences in the pro-
vision of health services in favour of well-off groups are intolerable.
Medico-ethical rules have recommended that health services should
be provided according to need rather than social background. Still,
recent legislation in Norway, one of the world’s most egalitarian
countries,9 has found it necessary to emphasize equal provision of
health services irrespective of social background.10
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Also in adverse outcomes of pregnancy, substantial SE inequalities
have been observed in a number of countries.11–16 Even with a peri-
natal mortality in Norway in 2011 of 4.8 per 1000 births,17 substan-
tial differences have been reported between social groups.18 Many of
the risk factors for adverse outcomes of pregnancy are associated
with a low SE level.5,16,19,20 However, SE inequalities persist even
after adjustment for these risk factors, suggesting the influence of
other factors not accounted for.
Only few studies have addressed the question to which extent
inequality in the provision of health services can account for in-
equality in health.21–23 Less well-off women may get less adequate
health services.
Another vulnerable category of mothers is the increasing group of
immigrants to western countries.24,25 Irrespective of their length of
education or SE status in their country of origin, they may experi-
ence poor living conditions with a limited network and language
difficulties.
Use of interventions is related to pathological conditions with
different occurrence in different SE groups. By analysing subgroups
with the same occurrence of pathology, valid estimates of possible
effects of short education or status as immigrant on use of obstet-
rical interventions may be obtained. One such subgroup is preterm
birth in which degree of pathology seems to be more independent of
SE conditions than in term birth.26,27 Accordingly, need of interven-
tion in preterm birth would be expected to be more independent of
SE level.
A generation ago, long education among women was less com-
mon than today. As a group, women with short education were
more heterogeneous. Today, women with short education represent
a smaller and more homogeneous group with a higher burden of
risk factors. Therefore, we might expect more health problems and
more interventions among these women.
The objective of the present study was to assess possible associa-
tions between SE conditions as well as ethnic background and ob-
stetric care. Based on data from the Medical Birth Registry of
Norway, we wanted to assess to which extent provision of various
types of obstetric intervention is dependent on the parent’s SE level
measured in terms of length of education. We also wanted to assess
whether immigrants are provided with less adequate obstetric care.
A possible secular trend in the use of obstetric interventions
across educational groups might also reflect attitudes among pro-
fessionals that change over a period of time. Thus, we studied time
trends in the associations of level of education and ethnic back-
ground with obstetric interventions and perinatal mortality
throughout the observation period 1967–2009.
Methods
Based on compulsory notification, the Medical Birth Registry of
Norway has, since 1967, registered all pregnancies in the country.
Items of personal data include the national identification number as
well as medical data on maternal health before and during the preg-
nancy, on the delivery and on the newborn. All data are notified by
the attending midwife and doctor.28 The national identification
number provides linkage with the Statistics Norway for data on
parental education and country of birth.
During the observation period 1967–2009 altogether 2 518 758
births were notified. After exclusion of multiple births and birth-
weight under 500 g or gestational age under 22 weeks, the study
population comprised 2 305 780 births. After further exclusion of
births with lacking data on both parental education and country of
birth, and births with gestational age 43þ weeks, the main analyses
included 2 234 568 births.
Exposure variables included education defined as the highest level
of education for the mother or the father obtained by 2009 and
categorized as (i) university or college (more than 14 years), (ii)
intermediate (11–14 years) and (iii) none or no more than
compulsory education (0–10 years). All births to mothers who
were born in Norway, Western Europe, the USA, Australia and
New Zealand were categorized according to the highest parental
level of education. As we also wanted to assess whether non-
western born mothers were provided with an adequate obstetric
care, all these women were included in a group 4 irrespective of
their educational attainment. Since this group was small until the
1980s, we do not report complete data for the first period 1967–80.
Outcome variables included induction of labour, epidural anal-
gesia, caesarean section (CS), transfer of the newborn to a neonatal
intensive care unit (NICU) and perinatal death.
Statistical analyses
For statistical analysis, we used SPSS (version 20) and the MlWin
programme (version 2.30). Multilevel analysis was used due to the
hierarchical structure (the first level was the pregnancy and the se-
cond level was the mother). The highest level of parental education
was used as reference.
The analyses were stratified according to gestational age catego-
rized as preterm (22–36 weeks) and term (37–42 weeks) and
adjusted for maternal age categorized as <20, 20–24, 25–29, 30–
34, 35–39 and 40þ years and for birth order categorized as 1, 2,
3, 4 and 5þ. Further adjustment was made for size of the maternity
unit categorized as 1–499, 500–1499, 1500–2999 and 3000þ births
per year since they are related to exposure and outcome.
Particularly in the first part of the observation period, a consid-
erable proportion of the births took place in rural smaller hospitals
with limited possibilities to provide some of the interventions
studied. An association between rural domicile and short education
would confound the results. Thus, the relative risks (RRs) were also
adjusted for annual number of births in the hospital where the de-
livery took place.
Results
The proportion of mothers with the highest level of parental edu-
cation increased from 29.7% in 1967–80 to 53.7% in 2001–09 while
the two other groups decreased correspondingly (table 1). The pro-
portion of mothers born in Western world decreased continuously
from 99.2% in 1967–80 to 85.0% in 2001–09.
Preterm births
In preterm births, during the first part of the observation period
1967–80, women with short education (<11 years) had less fre-
quently induction of labour (RR 0.88), CS (RR 0.91) and epidural
analgesia (RR 0.79) and had their newborns less frequently trans-
ferred to an NICU (RR 0.81) (table 2). Their offspring also had an
excess perinatal mortality (RR 1.13) compared with those with long
education (15þ years) (table 4).
During the last part 2001–09, women with short parental educa-
tion had more frequently induction of labour (RR 1.08), CS (RR
1.08) and epidural analgesia (1.05) and had their newborns more
frequently transferred to an NICU (RR 1.05) (table 2). However, the
excess perinatal mortality was even higher than in the first period
(RR 1.69) (table 4).
Term births
In term births during the first period, women with short parental
education had their newborn transferred to an NICU, induction of
labour and CS more close to the reference group, while epidural
analgesia was less frequent (RR 0.69) (table 3). However, during the
last period, provision of a number of services increased: transfer to
NICU (RR 1.45), induction of labour (RR 1.04), CS (RR 1.36) and
epidural analgesia (RR 1.19).
The excess perinatal mortality for term births ranged between RR
1.92 and 1.85 throughout the whole observation period 1967–2009
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(table 4). In the same period the excess ‘birthweight below 2500 g’
increased from RR 2.19 to RR 2.80 (data not shown).
Non-western preterm group
In the non-western preterm group, transfer to NICU increased dur-
ing the study period 1981–2009 (RR from 0.51 to 0.94), and so did
induction of labour (RR from 0.86 to 0.97), CS (RR from 0.83 to
0.98) and epidural analgesia (RR from 0.63 to 0.87) (table 2).
Perinatal mortality increased during the whole study period 1967–
2009 (RR from 0.73 to 1.23) (table 4).
Non-western term group
In the non-western term group there was an increase in transfer to
NICU (RR from 0.97 to 1.11), while the RR of induction of labour
and epidural analgesia were close to the reference group while CS
decreased (RR from 1.59 to 1.38) throughout the observation period
1981-2009 (table 3). The RR of perinatal mortality increased from
1.24 to 1.96 during the period 1967–2009 (table 4). In the same
period the excess ‘birthweight below 2500 g’ ranged between RR
2.34 and RR 2.41 (data not shown).
Discussion
Our results indicate that in the 1970s, women with short education
were provided with less obstetric services than women with long
education. During the observation period, the utilization of obstetric
services in the short-educated group increased both in preterm as
well as term births; in preterm births to the level observed in the
longer-educated group, and in term births beyond this level. In non-
western women, similar trends were observed.
In an equality of health care perspective, this result is gratifying as
the distribution of obstetric services moved in a beneficial direction
with more services provided to less privileged groups. To some ex-
tent these trends may reflect changing attitudes among health pro-
fessionals. However, the increasing excess perinatal mortality
observed both in the non-western and the short-educated groups,
is disquieting and may indicate that these women as a group are
more vulnerable than one generation ago. This is supported by the
prevalence of low birth weight.
A strength of the present study is the large study population
which provided statistical power. The variables were well defined
and acquired from official registers with low occurrence of misclassi-
fication, which, to the extent it exists, would be non-differential.
Education is a reliable indicator of SE status since it is clearly related
to income, occupation, living conditions, social integration, lifestyle,
quality of life, burden of disease and health in general.2,5,29 The long
observation period made it possible to assess secular trends in the
provision of health care to different groups of women.
Our results might have been influenced by a number of confound-
ers. Obviously, the association between SE group and pathology will
influence the needs of care. The stratification into term and preterm
births to some extent reduced the confounding. Maternal age, parity
and year of birth were adjusted for as potential confounders. The size
of the maternity unit would have different effects in the short-educated
and the non-western groups. Women living in remote areas generally
have shorter education and deliver in smaller maternity units in which
transfer to an NICU or other services are more complicated. This
would cause a spurious association between short education and low
Table 1 Births in Norway 1967–2009 by demographic characteristics and year of birth
Year of birth/number of births (n) and percent (%)
1967–80, n (%) 1981–90, n (%) 1991–2000, n (%) 2001–09, n (%) Total (%)
Highest parental level of education
Education <11 years 106 111 (13.6) 47 182 (9.8) 44 150 (8.2) 47 325 (9.4) 10.6
Education 11–14 years 441 659 (56.4) 232 168 (48.1) 232 945 (43.5) 173 897 (34.4) 46.9
Education 15 years 232 497 (29.7) 201 553 (41.7) 255 475 (47.7) 271 399 (53.7) 41.7
Education not recorded 2146 (0.3) 2114 (0.4) 2713 (0.5) 12 446 (2.5) 0.8
Gestational age
Preterm (22–36 weeks) 41 653 (5.3) 25 696 (5.3) 29 895 (5.6) 27 849 (5.5) 5.4
Term (37–42 weeks) 710 291 (90.8) 439 009 (90.9) 491 464 (91.8) 475 748 (94.2) 91.8
Post term (43þ weeks) 30 469 (3.9) 18 312 (3.8) 13 924 (2.6) 1470 (0.3) 2.8
Maternal age
<20 74 718 (9.5) 25 998 (5.4) 16 176 (3.0) 11 825 (2.3 5.6
20–24 283 378 (36.2) 134 173 (27.8) 104 240 (19.5) 73 964 (14.6) 25.8
25–29 249 591 (31.9) 180 213 (37.3) 198 748 (37.1) 162 378 (32.1) 34.3
30–34 117 779 (15.1) 104 542 (21.6) 151 221 (28.3) 169 204 (33.5) 23.5
35–39 44 496 (5.7) 33 058 (6.8) 56 027 (10.5) 74 881 (14.8) 9.0
40þ 12 451 (1.6) 5033 (1.0) 8871 (1.7) 12 774 (2.5) 1.7
Not recorded 0 (0.0) 0 (0.0) 0 (0.0) 41 (0.0) 0.0
Birth number
1 319 742 (40.9) 208 169 (43.1) 218 791 (40.9) 208 832 (41.3) 41.4
2 261 903 (33.5) 169 872 (35.2) 190 439 (35.6) 180 191 (35.7) 34.8
3 125 079 (16.0) 76 962 (15.9) 91 257 (17.0) 81 616 (16.2) 16.3
4 47 348 (6.1) 20 079 (4.2) 24 840 (4.6) 23 375 (4.6) 5.0
5þ 28 341 (3.6) 7935 (1.6) 9956 (1.9) 11 053 (2.2) 2.5
Mother’s country of birth
Western world 775 792 (99.2) 466 496 (96.6) 495 201 (92.5) 429 179 (85.0) 94.0
Non-western world 6621 (0.8) 16 521 (3.4) 40 082 (7.5) 75 888 (15.0) 6.0
Maternity unit (births per year)
1–499 179 201 (22.9) 75 786 (15.7) 58 495 (10.9) 51 538 (10.2) 15.8
500–1499 307 356 (39.3) 168 031 (34.8) 130 753 (24.4) 114 344 (22.6) 31.2
1500–2999 215 349 (27.5) 132 609 (27.5) 167 808 (31.3) 134 188 (26.6) 28.2
3000þ 73 489 (9.4) 104 450 (21.6) 174 138 (32.5) 200 584 (39.7) 24.0
Outside institution 7018 (0.9) 2141 (0.4) 4089 (0.8) 4413 (0.9) 0.8
Total 782 413 (100) 483 017 (100) 535 283 (100) 505 067 (100) 100
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provision of care. Non-western women would live in urban areas and
deliver at larger maternity units well equipped with health services. In
this group, a reported low provision of care would represent a con-
servative estimate. To avoid such confounding, we adjusted for size of
maternity unit.
Whether our findings apply in other countries is unclear, but as
SE gradients in the distribution of health services have been
observed in Norway known to have comparatively low SE gradients
in general, the situation may be more worrying in other countries.
In term births, we assume more pathological conditions in the
short-educated women which would necessitate more frequent ob-
stetric services. In the 1970s, this group was not provided with ex-
cess services, unlike today when this is the case. In most preterm
births, need of special obstetric services is involved and more or less
independent of social background. In these births, the short-
educated women were initially also provided with less frequent
services, as opposite to what was observed in more recent years
when equal services were provided across educational groups. It is
interesting to note that this secular trend in the distribution of
obstetric health care did not result in a reduction of care in the
women with longer education.
In a number of studies, a higher perinatal mortality has been
documented among children of women with short education.13,30
A similar gradient was observed in the present study. To the extent
that mortality is dependent on medical care, one would expect that
both the improvement and the redistribution of obstetric care
observed in Norway during the observation period would reduce
the gradient in perinatal mortality. This was not the case. In preterm
births, excess perinatal mortality increased both in the short-
educated and the non-western groups. In term births, it remained
high in the short-educated group and increased in the non-western
group. In the interpretation of these results, we have to consider
that the short education group has become much smaller and more
marginalized during the study period. Consequently, the group will
be more exposed to risk factors and thereby suffer an increasing
perinatal mortality.
The situation is different for non-western women. They represent
an increasing group of births. The group is heterogeneous, compris-
ing different cultural, religious and social backgrounds, as well as
individual factors related to life style and living conditions. This
makes it difficult to identify specific risk factors causing the excess
perinatal mortality. Still, it seems reasonable to suggest that the
needs for more care in these births are not met by the beneficial
redistribution of the obstetric services observed in Norway.
Technological development represents a factor contributing to
the change in provision of health care observed since 1970s.
Obstetric pain relief is an example. Epidural analgesia was imple-
mented in obstetric care in the 1970s. In the beginning, the use was
restricted and thereby limited to a smaller group; women with long
education were overrepresented. Throughout the observation
period, the use of epidural analgesia increased to involve more
than 20% of all births, and eventually the use was quite equally
distributed between the groups. The increase in availability seemed
to even out the inequalities, with less discrimination as a result.
During the observation period, the CS-rate increased from 3.8%
in 1967–70 to 15.5% in 2001–09. This may be accounted for by
technological development as well as an increasing maternal age,
but the number of CSs performed on maternal request demand
has also increased.31,32 In these pregnancies, medical indications
for a CS are rare, which involves a possibility of an SE gradient.
However, we observed a ‘higher’ CS rate in the short-educated
group throughout the observation period limited to term births.
A higher occurrence of pathology in short-educated groups may
explain the high CS rate, consistent with a more frequent transfer
to an NICU. In non-western women, the excess CS-rate decreased
through the years. Many other countries have a higher CS-rate than
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In addition to occurrence of pathology and attitudes among
health professionals, several other mechanisms may be involved in
the processes by which health needs are met by the health services.
Adequate treatment depends on the patient acknowledging a prob-
lem and seeking medical attention, communication, mutual under-
standing and finally the type of intervention involved.
Our results suggest a challenge to antenatal care, which needs to
be addressed, most likely both by educating the parents and in the
training of health professionals. Still, the fact that the RRs involved
approached unity and equality towards the end of the observation
period was gratifying.
Conclusion
Our study suggests a favourable development during the last decades
in the distribution of obstetric health services in Norway between
different SE groups. While medical interventions in the 1970s were
employed less in women of short than long education, the employ-
ment in women with short education increased to equal or even
higher levels towards the end of the period. The same trend was
observed for non-western women. Still, the excess perinatal mortal-
ity in both the short-educated and the non-western groups
remained. The results suggest increasing perinatal health problems
in vulnerable groups and indicate need for a closer obstetric follow-
up and surveillance. Midwives and general practitioners should be
aware of risk factors and should offer support, education and more
frequent contacts. Further studies, addressing distribution of ante-
natal care would provide a basis for developing preventive measures
aiming at SE equality.
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Key points
• During the study period 1967–2009 the distribution of obstet-
ric services moved in a beneficial direction with more services
provided to less privileged groups.
• Perinatal mortality remained almost twice as high among chil-
dren of short-educated women and non-western immigrants
throughout the study period.
• Even though the study suggests a better distribution of obstet-
ric health services across socioeconomic groups, the need for
obstetric follow-up and surveillance seems to increase among
vulnerable groups.
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Background: Given limited knowledge on the extent of social inequalities in longer-term work ability of people with
a chronic disease, this study analyzes social inequalities of three consecutive indicators of work ability following
medical rehabilitation in a large sample of insured employees. Methods: Based on data from the German statutory
pension insurance, a representative 20% random sample of all employed persons undergoing medical rehabili-
tation between 2006 and 2008 was included in a longitudinal analysis (n¼219 584 persons). Three measures of
consecutive work-related outcomes (physicians’ assessment of work ability at discharge; return to work in the year
thereafter; disability pension during follow-up) and socioeconomic position (SEP) (education, occupational pos-
ition and income) were assessed. Adjusted relative risks (RRs) for each outcome were calculated according to SEP,
applying Poisson regression analysis. Results: The measures of SEP were associated with all three outcomes of
work ability in the fully adjusted models. Relatively strongest relationships were observed for education as SEP
measure, and they were particularly pronounced for ‘low work ability’ (RR¼2.38 for lower secondary education
compared to tertiary education; 95% CI: 2.26–2.51). Based on average marginal effects, absolute differences of
work ability by SEP indicate a socially graded pattern, with only few exceptions. Conclusions: Despite Germany’s
universal access to medical and vocational rehabilitation social inequalities in longer-term work ability following
chronic disease persist, thus calling for targeted programmes of prevention and occupational health promotion.
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
Introduction
S
cientific evidence indicates that social gradients of morbidity and
mortality persist in many countries with developed social and
health policies, leaving people in lower socioeconomic positions
(SEPs) at higher risk to develop a disease.1 Less knowledge, though,
is available on social inequalities of the longer-term consequences
for living and working conditions among those who already devel-
oped or survived an incident chronic disease, such as cardiovascular
disease, cancer or depression. Recent data from the German micro
census (2013), e.g. suggests that 12.7 million people with impair-
ments are living in Germany. They are 30 percentage points less
likely to participate on the labour market and 7 percentage points
more likely to experience poverty compared to the population with-
out impairments.2 While several investigations documented social
gradients of success in return to work following hospitalization due
to a stroke,3 coronary heart disease,4,5 cancer6,7 or other long-
standing illnesses,8 few studies only analyzed longer-term outcomes,
such as disability pensions, for these patient groups. A recent report
from Finland provides an exception as it explored whether social
inequalities of disability pension differed between hospitalized per-
sons with severe disease and persons without severe disease.9
Although this study observed social gradients in disability pensions
in both groups, the association of SEP with disability pension was
somewhat stronger among persons with hospitalization, in particu-
lar in case of injuries and musculoskeletal disorders.8 Yet, a com-
prehensive study on socioeconomic differences of trajectories of
work ability from hospitalization to differential opportunities of
returning to work and to longer-term risks of early exit from labour
market is still missing.
To fill this gap, administrative data derived from the German
health and social security system are of interest. There are almost
no social differences in access to, and treatment obtained in medical
rehabilitation clinics for persons insured under the German pension
insurance scheme. The pension funds have established a detailed
registry of patients’ trajectories following medical rehabilitation,
including data on sociodemographic characteristics, employment
histories (return to work and early exit from paid work) and
survival.10
With this retrospective observational study, we set out to analyze
social inequalities of trajectories following medical rehabilitation
from chronic disease in a large sample of insured men and women
in Germany, using this administrative dataset. More specifically,
three steps of these trajectories are studied, (i) the patients’ work
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